Background: Iranian borage, Echium amoenum, is believed to improve reproduction according to folk medicine. Although E. amoenum distillate known as "Aragh Gav-zaban" is widely consumed as a safe and natural remedy, its possible effects on fertility have not yet been scientifically examined. The present study aimed to investigate the effects of borage distillate (BD) on reproductive parameters of male mice. Methods: In this experimental study, 30 adult male Mus musculus mice (30-35 g) were equally divided into three groups. The control group received distilled water (DW) for five weeks and the other two groups, BD1/2 and BD1/4, received borage distillate of 1/2 dilution (150±2.5 ml/kg/day) and 1/4 dilution (75±1.25 ml/kg/day), respectively, ad libitum for three weeks and DW for 2 weeks. On the day 35, mice were sacrificed, sperm analysis was performed, and sera were collected to evaluate gonadotropins, testosterone, and toxicity parameters. The left testis was excised for stereological study and the right testis was used to evaluate androgen receptor (AR) gene expression. Results: The administration of BD1/2 significantly increased serum FSH (P=0.004), LH (P=0.025), testosterone (P=0.014), the percentage of motile (P=0.011); slow progressive (P=0.001), coiled tail (P<0.001) sperms, and the number of Leydig cells (P=0.008) compared to the control group. Treatment with BD1/4 significantly increased sperm count (P=0.044) and motile sperms percentage (P=0.040) compared to the control group too. The administration of BD revealed no significant effects on toxicity parameters and AR gene expression.
•
Borage distillate (BD) is widely used in different areas of Iran, according to traditional Iranian medicine, for the treatment of many diseases.
• Despite health beliefs in folk medicine regarding its ameliorative effect on male reproductive parameters, its potential effects and possible toxicity have not yet been investigated scientifically.
What's New

•
The administration of BD in mice improved male reproductive parameters such as increasing sex hormone levels (FSH, LH, and testosterone), sperm quality, and Leydig cell number with no effect on the level of androgen receptor gene expression.
• No hepatotoxicity and/or nephrotoxicity were observed for borage distillate consumption under experimental conditions.
Original Article Introduction
Human infertility, as a worldwide public health problem, has almost equally affected both male and female in 15% of the couples. 1 The number of affected couples worldwide has increased from 42.0 million in 1990 to 48.5 million in 2010. 2 Infertility may result in additional stress and emotional complications as well as high treatment costs. 3, 4 Male factors (e.g. sperm production and its overall quality) represent approximately 50% of conception issues. The reported decrease in male reproductive potential during the past 50 years may have been the result of increased psychological stress, obesity, radiations, and environmental toxins. The latter has more effects on testes than on ovaries. [5] [6] [7] [8] Moreover, reactive oxygen species (ROS) can disrupt the endocrine system and sperm function via lipid peroxidation and DNA oxidative damage. 5, 9 Considering the high costs of treatments and their undesirable safety and efficacy, the use of complementary and alternative medicine (CAM) has recently gained much attention. 9 Herbal remedies are considered safe and natural therapeutic alternatives among the public. Medicinal plants have been utilized in the past 6,000 years. 10 The World Health Organization (WHO) estimates that 80% of the world population use herbal medicine for health purposes. 11 Recent studies have shown that the administration of various herbal plant extracts improve semen parameters, 12 androgen status, 9, 13 or fertility index. 14 The most common forms of medicinal plant preparations, according to traditional Iranian medicine (TIM), are extracts and distillates. Since distillates (locally named "aragh") are easier to use, they are the most favorite drink in Iran especially in the city of Shiraz. 15 Iranian borage or Echium amoenum (GolGav-Zaban) belongs to genus Echium and Boraginaceae family. In a study performed in Shiraz in 2010, it was reported to be the second most used medicinal herb. 10 Echium amoenum has been used as anti-inflammatory, analgesic, anxiolytic, and sedative in Iranian folk medicine. It is also considered to improve fertility parameters. 16 Although borage distillate (BD) has been widely used for its reproductive benefits in different areas of Iran, its possible effects on fertility have not yet been examined scientifically. Hence, the present study was designed to investigate the effects of BD on the fertility parameters in mice, including the levels of gonadotropins and testosterone, sperm analysis, stereological parameters of testis, and the level of androgen receptor gene expression. The potential hepatotoxicity and nephrotoxicity due to the distillate were also evaluated.
Materials and Methods
Preparation of Borage Distillate
The aerial parts of Iranian borage (E. amoenum) were collected from the farms around the city of Fasa (Fars province). The genus and species of the plant were authenticated and approved by an herbal specialist at the herbarium of the Biology Department of Shiraz University, Shiraz, Iran. To obtain 1 liter of BD stock, 0.2 kg of the dried plant was placed in the boiler with 1.2 liters of water and the distillate was prepared as previously described. 17 Passing through the condenser duct, the outgoing steam was cooled and BD was collected and stored light-protected at 4 ºC until use. 
Animals
Experimental Protocol
In this experimental study, 30 male mice were equally divided into 3 groups. The first group received distilled water (DW), ad libitum. The second and third groups were administered with one volume of BD stock diluted with one volume of water (BD1/2) and/or three volumes of water (BD1/4), ad libitum. The treatment groups were administered BD for 3 weeks and DW for 2 weeks, 5 weeks in total, which is the length of spermatogenesis in mice. 3 The animals were weighed weekly and the volume of consumed distillate was also recorded to calculate the exact daily consumption of BD per kg body weight.
Sacrifice Schedule
On day 35, the mice were anesthetized with CO 2 , the blood samples were obtained by heart puncture and their sera were collected and kept at -80 °C for biochemical analysis. Left cauda epididymis and testes were excised for semen analysis and stereological studies, respectively. The right testes were separated and kept at -80 °C for gene expression analysis.
Evaluation of Biochemical Parameters Hormonal Assay
Serum follicle-stimulating hormone (FSH) and luteinizing hormone (LH) assays were carried out using mouse ELISA kit (Hangzhou Eastbiopharm Co., Hangzhou, China). Testosterone assay was carried out using Biospes ELISA kit (China).
Toxicity Assay
To investigate the possible hepatotoxicity of BD, the levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were measured in serum using Biorexfars kit (Shiraz, Iran). Blood urea nitrogen (BUN) and creatinine were also evaluated for nephrotoxicity using Mancompany kit (Tehran, Iran) and Biorexfars kit (Shiraz, Iran), respectively.
Gene Expression Analysis
The expression level of androgen receptor (AR) gene was evaluated using quantitative RT-PCR. Total RNA was extracted using Yekta Tajhiz Azma RNA extraction mini kit (Tehran, Iran). To exclude DNA contamination, total RNA was treated with RNase-free DNase (Fermentas, Burlington, Canada) and cDNA was synthesized using reverse transcriptase (Fermentas, Burlington, Canada). RNA samples were subjected to RT-PCR using ABI 7500 real-time PCR system (USA) and SYBR Green Master Mix (Amplicon, Denmark). The CT values of AR gene were normalized to beta-actin as an internal control gene to obtain relative expression level using the ΔΔCT method. The primer pairs sequence for beta-actin and AR gene were designed using AlleleID 7.73 software and were respectively as follows:
Sperm Analysis
Immediately after sacrifice, left cauda epididymis was cut and incubated for 3 minutes in pre-warmed 37 °C normal saline. The sperm solution was placed in a hemocytometer and the heads of the sperms were counted under a light microscope. To evaluate sperm motility, 10 fields were randomly selected and sperms were categorized as different motile types or immotile. 19 For the evaluation of sperm morphology, sperm smears were stained with eosin Y and sperms were classified as normal or abnormal subgroups according to the criteria of normal sperm morphology. 20 
Stereological Parameters
Five mice of each group were randomly chosen for stereological analysis of the testes. The left testis was excised, its primary volume was estimated by immersion in distilled water 21 using Scherle's immersion method, 22 and then fixed in a buffered formaldehyde solution.
The testis volume was estimated by the isotropic Cavalieri method using orientator to obtain isotropic uniform random (IUR) sections. 23 Then, 5 and 25 μm thick sections were prepared consecutively using a microtome with a constant interval to obtain 8-12 sections per testis. Tissue sections with 25 μm thickness were stained with hematoxylin and eosin to evaluate cell number, and 5 μm thick sections were stained with azan for volume estimation.
Testis volume estimation: The Cavalieri's volume of the testis was estimated at the final magnification of 13× using the following formula:
Where V(testis) is the exact volume of the testis, A is the area of tissue sections, and T is the distance between the sampled sections.
Tubules and interstitial tissue volume evaluation: The point counting method was applied to estimate the volume density and volume of the seminiferous tubules and interstitial tissue at the final magnification of 280×:
Vv(structure)=ΣP(structure)/ΣP(total) Where Vv(structure) is the volume density of the structure and ΣP(structure) and ΣP(total) are the total points hitting the target structure and the testis sections, respectively.
The volume of the structure was calculated by multiplying the volume density of the structure by the testis volume using the following formula:
V(structure)=Vv(structure)×V(testis) Testicular cell number estimation: To estimate the total number of spermatogonia A (palestaining nucleus with a fine "dusty" distribution of heterochromatin throughout the nucleus), B (with dense clumps of heterochromatin around the periphery of the nucleus), 24 Sertoli cells, spermatocytes, round and long spermatids, and Leydig cells, a Nikon E200 light microscope (Tokyo, Japan) fitted with a 60× oil objective lens was applied at the final magnification of 1,640×. An unbiased counting frame was superimposed on testis sections. The number of cells was estimated using "optical dissector" method with a microcator (MT12, Heidenhain, Traunreut, Germany) used to measure the z-axis of tissue sections. The numerical density of the cells was calculated as follows:
Where Nv(cells) is the numerical density of the cells, ΣQ is the number of each cell type nuclei, a/f is the area per counting frame, ΣP is the total number of counted frames per animal; h is the height of the optical dissector measured using the microcator, t is the mean thickness of final sections, and BA is the microtome block advance.
N(cells)=N V (cells)×V(structure)
Where N(cells) is the number of the cells, V(structure) is the volume of epithelium for the cells of germinal layer, and the volume of interstitial tissue for Leydig cells.
Estimation of seminiferous tubules length:
The length density of the tubules was calculated using an unbiased counting frame 25 at the final magnification of 148× using the following formula:
Where ΣQ is the number of the tubule profiles counted, a/f is the area per counting frame, and ΣP is the total number of frames counted in each animal. The following formula was used to calculate the length of tubule (L) by multiplying the length density (L V ) by the tubules total volume: L=L V ×V(tubule)
Statistical Analysis
Statistical analysis was performed using SPSS 16.0 and the graphs were designed by GraphPad Prism 5 (San Diego, CA, USA). For comparisons between groups, the data (shown as mean±SD) were analyzed using one-way analysis of variance (ANOVA) followed by Dunnett's post-hoc test (n=10). For stereological parameters (n=5), comparisons between groups were performed by KruskalWallis followed by Mann-Whitney U test for pairwise comparisons. P<0.05 was considered statistically significant.
Results
Daily Distillate Consumption
The mean dosage of BD stock distillate consumption was calculated by dividing the daily consumption volume of the distillate by the animal body weight. It was 150±2.5 and 75±1.25 ml/kg/ day for BD1/2 and BD1/4 groups, respectively.
Biochemical Parameters of Experimental Mice
Hormone levels: The levels of serum male reproductive hormones are represented in figure  1 . As shown, BD1/2 group exhibited significantly higher FSH (16.1±1.6 ng/ml), LH (7.6±1.0 mIU/ ml), and testosterone (50.8±4.9 pg/ml) levels (P=0.004, P=0.025, and P=0.014, respectively) compared to the control group (FSH=13.9±1.8 ng/ ml, LH=6.4±0.7 mIU/ml, testosterone=44.5±3.11 pg/ml). No significant difference was observed between hormone levels of the group receiving BD1/4 compared to the control group.
Toxicity: The level of ALT and AST (as the two parameters of liver function tests) and BUN and creatinine (as kidney function indicators) are shown in figure 2 . As shown, administration of BD revealed no significant changes in the above-mentioned parameters in the experimental mice.
Androgen Receptor Gene Expression
As shown in figure 3 , administration of BD1/2 or BD1/4 did not significantly affect the expression of androgen receptor gene compared to the control group.
Semen Parameters
The values of sperm count and the percentage of normal or abnormal sperms are presented in table 1. The data indicated that the total number of sperms was significantly higher (P=0.044) in the BD1/4 group compared to the control group. The percentage of normal sperms revealed no significant difference between groups. Sperms with abnormal morphology, including big or small head, short or coiled tail, head only and tail only, revealed no significant changes except for the percentage of coiled tail sperms that was The values for sperm motility, including fast progressive, slow progressive and nonprogressive sperms are shown in table 2. Results indicated a significant increase in the percentage of motile sperms in the BD1/2 (P=0.011) and BD1/4 (P=0.040) groups compared to the control group. Investigating the different aspects of sperm motility showed no significant changes between the groups except for the group receiving BD1/2, which presented a significant increase (P=0.001) in the percentage of slow progressive sperms.
Stereological Parameters
The values of primary testis volume, absolute Cavalieri testis volume, the volume of seminiferous tubule epithelium and lumen, the volume of testis interstitial tissue, and the length of seminiferous tubules are illustrated in figure  4 . The results indicated that the administration of BD made no significant changes in these parameters of the study groups.
The numbers of different testis cell types are summarized in table 3. According to the results of this part, administration of BD1/2 resulted in a The values (n=10) are presented as mean±SD. Control group includes mice receiving distilled water, BD1/2 group consists of mice receiving borage distillate of 1/2 dilution, and BD1/4 group are mice receiving borage distillate of 1/4 dilution. *P<0.05 and **P<0.01 vs. Control group significant increase (P=0.008) in the total number of Leydig cells compared to the control group. However, no significant difference was observed in the number of spermatogonia (A and B) , spermatocyte, round and long spermatids, and Sertoli cells between the experimental groups.
Discussion
Despite advances in the management of subfertility, the tendency towards alternative and complementary treatments, especially herbal medicine has increased due to high costs and unwanted side effects of conventional medical treatments. Traditional Iranian medicine (TIM) has been used since the ancient times by scientists such as Ibn-Sina (Avicenna, 980-1037 CE), and Al-Razi (Rhazes, 865-925 CE). 17, 26 Although some herbal distillates have been traditionally utilized to improve reproductive parameters and treat sterility and subfertility, no experimental scientific study has been designed yet to evaluate their impact on reproductive parameters. To the best of our knowledge, the current study is the first experimental approach in investigating the effects of medicinal plants, especially in a distillate form, considering such various aspects and potential toxicity.
According to the results, it is revealed that the administration of E. amoenum distillate with the higher concentration (BD1/2) significantly increased the level of FSH, LH, and testosterone. The hormonal management of spermatogenesis is controlled by the hypothalamic-pituitary-gonadal axis. Secretion of gonadotropin-releasing hormone (GnRH) from hypothalamus stimulates the release of FSH and LH from pituitary gland. FSH receptor is expressed in Sertoli cells, which support germ cells during multiple stages of spermatogenesis. Stimulation of LH receptors in Leydig cells leads to the secretion of testosterone hormone. 8, 27 In the current study, BD1/2 increased LH and consequently testosterone hormone level, probably through affecting the hypothalamicpituitary-gonadal axis.
Ghassemi et al. investigated the chemical composition of the volatile fraction of E. amoenum petals distillate and revealed that sesquiterpenes are the major components (49.55%) of the distillate. Other main components were n-Tricosane (33.92%), n-Pentacosane (21.09%), Palmitic acid (18.91%), Linoleic acid (3.51%), and Pulegone (2.20%). 28 In addition, anti-oxidant and anti-inflammatory effects have been reported for sesquiterpenes in another study. 29 Since environmental toxins accumulate in the adipose tissue all over the body, they might adversely affect reproductive hormone levels 5 and the anti-oxidant effects of sesquiterpene components of BD might ameliorate these adverse effects. The main phenolic component of E. amoenum flowers extract has also been identified to be rosmarinic acid, which is frequent in Boraginaceae and Lamiaceae families and has antioxidant and hepatoprotective properties. [30] [31] [32] Rosmarinic acid has shown to increase the impaired level of testosterone after exposure to electromagnetic field in rats. 33, 34 In the current study, consumption of BD for three weeks revealed no changes in ALT and AST level, which confirms the safety of BD for the liver. Moreover, Zamansoltani et al. indicated that administration of E. amoenum extract reduced the level of ALT, ALP, and AST after 2 weeks. 32 The observed difference might be due to the different preparations of the plant. Furthermore, administration of BD made no significant difference in the creatinine and BUN level in experimental mice, which indicates no nephrotoxicity under experimental conditions.
We also observed that BD administration did not affect the level of AR gene expression. Thus, any observed changes in the fertility parameters might be due to the changes in the testosterone level and not the receptors. The present study also showed an increase in the percentage of motile and slow progressive sperms in the BD1/2 group, which might be resulted from elevated FSH level. Moreover, consumption of BD1/4 resulted in the enhanced sperm count and motility, which could be resulted from antioxidant components of borage distillate.
The only change in the morphology of sperms in the experimental groups was the elevated percentage of coiled tail abnormal sperms in the BD1/2 group. The methanol content of many herbal distillates, which is produced from pectin or fermentation of cellulose during the distillation of woody plants and also their accumulation in the adipose tissue around the scrotum, might be responsible for their adverse effects on spermatogenesis. 5, 35 Al-Alami et al. showed that rosmarinic acid increased the sperm count and motility in metronidazole-induced infertile rats as a result of its penetration into the membrane of sperms and protecting the high ratio of membrane unsaturated fatty acids from lipid peroxidation. 36 In the present study, although the consumption of BD1/2 elevated the number of Leydig cells, in line with the increased testosterone level they produced, the expected volume increase in the interstitial tissue was not observed. This finding was in agreement with a previous study which demonstrated that the administration of curcumin in metronidazoletreated mice, despite the increase in the number of Leydig cells, had no significant effects on the volume of testis interstitial tissue. 25 Briefly, BD in the higher concentration could significantly increase the level of serum FSH which resulted in higher sperm quality. It also elevated the level of LH and consequently increased the number of Leydig cells and testosterone hormone, probably due to its antioxidant constituents.
The present study has some limitations which should be mentioned for a better interpretation. First, as in most animal studies using a mouse model, the research presented here was limited by the insufficiency of the volume of mice serum. It limited us to evaluate the impact of BD consumption on oxidant/antioxidant status by examining the total antioxidant capacity, antioxidant enzymes, and lipid peroxidation level. Second, since the current study is the first experimental approach in investigating the effects of BD on male reproductive parameters, no all-inclusive positive control, covering all aspects of the investigation, was yet defined to include in the study. Third, the exact composition of the aerial parts of E. amoenum distillate is not defined yet. Fortunately, in a parallel study, the data revealing the constituents of the distillate are due soon. Finally, the present study aimed to investigate the ameliorative or adverse effects of BD consumption. However, due to time limitations and the fact that the effect in humans requires a longer period, the current duration was not comparable to humans.
Conclusion
The results of the present study have shown that the administration of E. amoenum distillate could improve the male reproductive hormones profile and sperm parameters. This might be due to the attenuation of oxidative stress by antioxidant components of the distillate. Based on the beneficial effects of BD and lack of toxicity, it could be suggested as a safe drug supplement to improve fertility in males. However, in the category of plant distillate consumption, the safety, standardization, dosage, efficacy, and stability of the distillates, as well as the exact mechanisms responsible for the observed effects, require further investigation. Finally, for a better understanding of BD consumption effects on the human body, it is highly recommended to perform a clinical trial on humans using larger population samples and a routine dose of BD consumption.
